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Association of urinary concentrations of four chlorophenol pesticides
with cardiometabolic risk factors and obesity
in children and adolescents
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Abstract This study was undertaken to determine the association of four chlorophenol pesticides with cardiometabolic risk
factors and obesity in children and adolescents. This cross-sectional study was conducted in 2016 on 242 children and adoles-
cents, aged 6 to 18 years. The concentrations of 2,4-dichlorophenol (2,4-DCP), 2,5-dichlorophenol (2,5-DCP), 2,4,5-
trichlorophenol (2,4,5-TCP), and 2,4,6-trichlorophenol (2,4,6-TCP) in the urine were examined and their association with indices
of obesity and cardiometabolic risk factors was determined. Multivariate linear regression and multinomial logistic regression
analyses were applied. Overall, 242 participants with mean (SD) ages of 11.3 (2.5) years completed the survey. After adjustment
for confounders, a significant positive association was found between body mass index (BMI) z-score and waist circumference
(WC) with 2,5-DCP (0.07 (95%CI 0.04, 0.1)) and 0.79 (95%CI 0.54, 1.03), respectively. A significant association of 2,4,5-TCP
was only found with WC (0.23 (95% CI 0.0, 0.46), but the relationship with 2,4-DCP was not significant. 2,5-DCP had a
significant relationship only with obesity (1.09 (95% CI 1.1, 1.19)), while 2,4-DCP and 2,4,5-TCP showed no significant
correlation with overweight or obesity. 2,4-DCP showed a significant positive relationship with high density lipoprotein-
cholesterol (HDL-C). Moreover, 2,5-DCP showed a significant negative relationship only with systolic blood pressure and
2,4,5-TCP had a statistically significant inverse association with total cholesterol and HDL-C (−0.71 (95% CI −0.98, −0.45)).
This study suggests potential associations of chlorophenol pesticides with overweight, obesity, lipid profile, and blood pressure in
children and adolescents. Longitudinal studies are necessary to assess the clinical impact of these findings.
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Introduction

Obesity is a risk factor for a number of health problems, in-
cluding heart disease, high blood pressure, type 2 diabetes,

some cancers, and reproductive problems. In addition to that
in developed countries, the rate of obesity in developing coun-
tries has increased rapidly. It has been estimated that the num-
ber of overweight people worldwide is greater than those who
suffer from malnutrition (Snell 2013). Obesity is caused
through a complex interaction of genetic, environmental and
behavioral factors and the increased obesity rate cannot be
interpreted only through changes in food intake and reduced
physical activity. Although there is a genetic component for
obesity, genetics has failed in the last decade to explain this
epidemic (Newbold et al. 2007; Heindel 2003).

There is emerging evidence that exposure to various indus-
trial chemicals that disrupt the endocrine system may contrib-
ute to the obesity epidemic. Among these industrial chemicals,
organochlorine (OC) pesticides are of special interest (Lee
et al. 2012). Chlorophenols (CPs) are ubiquitous environmen-
tal pollutants which are widely used as raw materials or inter-
mediate products for agricultural, industrial, and home use
purposes (Guo et al. 2016). 2,4-dichlorophenol (2,4-DCP) is
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primarily used as an intermediate material in themanufacture of
2,4-dichlorophenoxy acetic acid (2,4-D), a commonly used her-
bicide in the phenoxyacetic acid class. The main source of 2,4-
DCP is the decomposition of 2,4-D in polluted soil and water.
In addition, 2,4-DCP is also commonly reported as a product of
the photodecomposition of triclosan, an antibacterial and anti-
fungal agent (Wei et al. 2014; Pirsaheb et al. 2014).

2,5-dichlorophenol (2,5-DCP) is an urinary metabolite of
1,4-dichlorobenzene (1,4-DCB) or paradichlorobenzene (ρ-
DCB)which is used inmothballs, room and toilet deodorizers,
and in the past as an insecticide fumigant. Traces of ρ-DCB
have been detected in home appliances, bathrooms, and new
buildings in ambient air (Wei and Zhu 2016a). The CPs 2,4,5-
trichlorophenol (2,4,5-TCP) and 2,4,6-trichlorophenol (2,4,6-
TCP) are urinary metabolites of chemicals such as hexachlo-
robenzene (HCB) and hexachlorocyclohexane (HCHs). 2,4,5-
TCP has been used as a biocide and as an intermediate in the
production of 2,4,5-trichlorophenoxyacetic acid, one of the
most widely used herbicides in the 20th century (Karn and
Reddy 2012). 2,4,6-TCP is normally found in industrial
wastewater from the paint, pharmaceuticals, pesticides, wood,
pulp, and paper industries as well as water purification pro-
cesses (Krishnaiah et al. 2013).

Many studies in developed countries have monitor CPs in
the urine samples of different age groups and its association
with obesity. One study conducted on children in Arkansas
found that 27% of urine samples had detectable levels of 2,4-
DCP (>1 μg/l) (Hill et al. 1989). A study on children aged 6 to
11 years in a national survey conducted in 2003–2004 in the
USA, the 95th percentile of 2,4,5-TCP and 2,4,6-TCP urinary
levels were 0.3 and 1.9 μg/l, respectively (CDC 2012). A
similar study in 2007–2010 also showed that dichlorophenols
was observed in 90% of urine samples. This study also inves-
tigated the relationship of phenolic compounds in urine asso-
ciated with overweight and obesity in children and adoles-
cents. It showed significant relationships between
dichlorophenols and obesity, waist circumference (WC) and
body mass index (BMI) (Buser et al. 2014).

The aim of the current study was to measure the urinary
concentrations of 2,4-DCP, 2,5-DCP, 2,4,5-TCP, and 2,4,6-
TCP and to determine their relationships with overweight
and obesity indices as well as with the cardiometabolic risk
factors of lipid profile and blood pressure in a population-
based sample of children and adolescents.

Methods

Study population and health outcomes

This cross-sectional study was conducted in 2016 among chil-
dren and adolescents aged 6 to 18 years living in Isfahan, Iran.
The participants were selected from households in different

areas of the city. The sample size was 242. Inclusion criteria
consisted of being aged 6 to 18 years, having lived in the city
of Isfahan for at least 1 year, and having no history of chronic
disease or long-term medication use. The subjects were ob-
tained by distributing invitations to households referring to a
pediatrics clinic and obtaining parental consent. During a visit,
a questionnaire consisting of questions about demographic
characteristics and physical activity (PA) was completed
through interviews with the parents. PA was introduced by
asking BHave you engaged in physical activity for a few days
(at least 30 minutes per day) in the past week?^ Various types
of PAwere examined (Faghihimani et al. 2010; Motlagh et al.
2017).

The physical examination includes measurement of
weight, height, waist circumference (WC) and blood pressure
(BP) using standard protocols with calibrated instruments.
The BMI was calculated as weight (kg) divided by height
squared (m2). The BMI z-score was calculated according to
age and gender identified obesity (BMI in the 95 percentile or
higher) and overweight (BMI between the 85th and 95th per-
centile) according to the CDC (CDC, 2016). For biochemical
tests, 2 ml of venous blood were taken from the children and
adolescents. Fasting blood sugar (FBS) and a lipid profile that
included total cholesterol (TC), low density lipoprotein-
cholesterol (LDL-C), high density lipoprotein-cholesterol
(HDL-C), and triglycerides (TG) were determined using an
auto analyzer and standard kits (Pars Azmoun; Tehran). The
mean arterial blood pressure (MABP) was calculated as (sys-
tolic blood pressure (SBP) + 2 diastolic blood pressure
(DBP))/3. Participants were divided into two groups in terms
of age, one for children aged 6–12 and one for adolescents
aged 12–18 years.

Measurement of urinary concentrations
of chlorophenols

Stoke solutions of 2,4-DCP, 2,5-DCP, 2,4,5-TCP, and 2,4,6-
TCP were separately prepared and stored at temperatures be-
low 0 °C until use. After being collected, spot urine samples
were kept in 10-ml containers at − 20 °C until analysis. Urine
specimens were fluid at room temperature and their superna-
tant was removed and centrifuged (5000 rpm for 5 min). To do
this, 120 μl of concentrated sulfuric acid was added and the
specimenwas put in a sand bath at 100 °C for 60min (Kontsas
et al. 1995). The samples were kept at room temperature after
the sand bath. The urine samples were diluted with distilled
water after acid hydrolysis and were extracted using disper-
sive liquid-liquid microextraction (DLLME). Acetone and
chlorobenzene were added to the samples as extraction and
disperser solvents, respectively, and the samples were centri-
fuged (5000 rpm for 5 min). The extracted solution was dried
using N2. Diazomethane was used as a derivatizing reagent
(Kramer and Angerer 1995).
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The urinary limit of detection (LOD) of 2,4-DCP, 2,5-DCP,
2,4,5-TCP, and 2,4,6-TCP was 0.33, 0.3, 0.13, and 0.3 μg/l,
respectively and it was found that 94.6, 95, 85.1, and 38% of
the participants, respectively, had urinary concentrations of
above the LOD. The 2,4,6-TCP data were not analyzed statis-
tically. All the urinary CP values below the LOD were obtain-
ed LOD/√2 (Verbovsek 2011; Katherine et al. 2010; Marsha
2015; Buser et al. 2014). In order to modify the changes
caused by dilution of the spot urine samples, random creati-
nine levels in the urine were also evaluated. The urinary me-
tabolites were tested in terms of μg/g of creatinine (μg/g cr) to
allow adjustment to be carried out. Urinary creatinine levels
were analyzed using an auto analyzer (Hitachi 912) by a Jaffe
reaction. In this method, creatinine reacting with picric acid in
an alkaline medium forms a color complex. The color change
is directly proportional to the amount of creatinine and is
measured through absorbance at 520 nm (Syal et al. 2013).

Matrix spikes, duplicates (analytical and field), and blank
(field and laboratory) samples were used in analysis.
Recovery means were 76–89% for the four CPs in urine. All
the blanks attained values below the LOD for each analyte in
urine. Duplicate samples had differences of less than 16% in
all analytes in urine.

CP analysis was done using a gas chromatograph (Agilent
7890A) coupled to a mass spectrometer system (inert) and
split/splitless injector system (Agilent 5975C). The column
was a DB-5 (60 m × 0.25 mm× 0.25 μm; Agilent) and helium
(99.9995%) was used as a carrier gas. Separation was per-
formed at an initial temperature of 100 °C for 2 min, followed
by ramping at 10 °C/min to 250 °C for a total run time of
15 min. The injector was operated in split mode with a split
ratio 5:1 and the temperature was set at 260 °C. Mass spec-
trometer conditions were as follows: ion source temperature of
330 °C; transfer line temperature of 300 °C. Mass spectromet-
ric measurement was performed in electron ionization mode.

Statistical analysis

Descriptive statistics including mean (SD) were calculated for
the four CPs, BMI, BMI z-score, WC, clinical laboratory in-
dices, and demographic characteristics. In addition, the geo-
metric mean and 95th percentiles were evaluated for 2,4-DCP,
2,5-DCP, 2,4,5-TCP, and 2,4,6-TCP.

The Kolmogorov-Smirnov test was used to assess the as-
sumption of fit to the normal distribution of outcome variables
such as BMI z-score and WC. Multivariate linear regression
was conducted to evaluate the relationship between 2,4-DCP,
2,5-DCP, and 2,4,5-TCP with BMI z-score and WC while
controlling for MABP, FBS, PA, TC, HDL-C, and LDL-C
stratified by age. Analysis was also conducted to evaluate
the relationship between the three CPs mentioned with TC,
LDL-C, HDL-C, TG, SBP, and DBPwhile controlling for sex,
PA, and BMI stratified by age.Multinomial logistic regression

also was used to assess the effect of environmental factors of
2,4-DCP, 2,5-DCP, and 2,4,5-TCP on the risk of overweight
and obesity while controlling for MABP, FBS, PA, TC, HDL-
C, and LDL-C. All analyses were evaluated at a confidence
interval (CI) of 95%. In the univariate analysis, the variables
having a p value < 0.2 were entered into the final model.
Statistical analysis was performed using SPSS 20 (SPSS;
USA).

Results

The study participants consisted of 242 children and adoles-
cents. Table 1 presents the characteristics of the participants as
obese, overweight, or normal/underweight. It shows that
59.5% of total participants were 6 to 11 years of age and
42% of total participants were male. The average age was
about 11 years. A total of 15% of participants were obese,
38% were overweight, and the rest were normal weight or
underweight. The mean (SD) urinary concentrations of 2,5-
DCP, 2,4-DCP, 2,4,5-TCP, and 2,4,6-TCP in all samples were,
respectively, 8.6 (3.6), 3.1 (2.7), 1.6 (1.9), and 1.3 (2.2) μg/l.
Moreover, the average urinary concentrations of these metab-
olites in obese subjects were, respectively, 10.2 (4.3), 4.9
(4.2), 2.3 (2.7), and 3.3 (3.4) μg/l and the same concentration
levels for overweight subjects were, respectively, 8.7 (3.6), 3.6
(3.2), 1.8 (1.7), and 1.4 (2) μg/l. These concentration levels for
normal weight and underweight subjects were 8 (3.1), 2.5 (2),
1.3 (1.6), and 0.6 (1.2) μg/l, respectively. These averages were
higher in obese subjects than in those who were overweight
and higher in overweight subjects than normal or underweight
subjects. The mean (SD) of WC and BMI z-score were, re-
spectively, 82.3 (12.7) cm and 1.36 (1.3) SD.

The mean, geometric mean, and 95th percentile of the uri-
nary metabolites were calculated (μg/l and μg/g creatinine).
The geometric means of 2,5-DCP and 2,4-DCP were, respec-
tively, 7 and 2 μg/l and for the 95th percentile were 14 and
7.5 μg/L in the unadjusted state with urine creatinine. In the
adjusted state, the mean (SD) of 2,5-DCP and 2,4-DCP were,
respectively, 12.3 (5.1) and 17.7 (15.9) μg/g cr. Their geometric
mean and 95th percentiles were 10 and 4.7 μg/g cr and 20 and
26.7 μg/g cr, respectively. The geometric mean and 95th per-
centile of 2,4,5-TCP and 2,4,6-TCP in the unadjusted state
were, respectively, 0.81, 0.49, 4.6, and 6.8 μg/l. But in the
adjusted state with urinary creatinine, the mean (SD) of 2,4,5-
TCP and 2,4,6-TCP were, respectively, 5.8 (4.4) and 3.7 (6.7)
μg/g cr. Their geometric mean and 95th percentile were 1.8 and
1.6 μg/g cr and 16.1 and 20.1 μg/g cr, respectively.

All subjects showed statistically significant correlations be-
tween WC with 2,5-DCP and 2,4,5-TCP and BMI z-score
with 2,5-DCP. A 0.07 SD (0.04, 0.1) increase in BMI z-score
and a 0.79 cm (0.54, 1.03) increase in WC were observed for
2,5-DCP. The results also showed that 2,4,5-TCP increased
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WC by 0.23 cm (0.0, 0.46). There was a statistically signifi-
cant relationship between 2,5-DCP and WC and BMI z-score
in both age groups. For 2,4,5-TCP, in the 6–11 year age group,
there was no significant relationship between 2,4,5-TCP and
these two indicators. In the 12–18 age group, 2,4,5-TCP sig-
nificantly correlated only with WC. There was no significant
correlation betweenWC and BMI z-score parameters and 2,4-
DCP urinary metabolites, except that the relationship between
BMI z-score and 2,4-DCP was significant for the 6–11 year
age group (Table 2).

The results of adjusted multivariate linear regression for the
relationship between 2,4-DCP, 2,5-DCP and 2,4,5-TCP with
TG, TC, HDL-C, LDL-C, SBP, and DBP are shown according
to age in Table 3. In all cases, the relationships between 2,5-
DCP and the mentioned parameters were not significant ex-
cept for SBP, which showed a negative association (β coeffi-
cient = −0.04). For 2,4-DCP, only the relationship with HDL-
C was significant (p = 0.03; β coefficient = 0.18). This was
not significant for the 6–11 age group (p = 0.3). 2,4,5-TCP
had statistically significant associations with TC and HDL-C
which were also negative.

The multinomial logistic regression model showed that
there was no significant relationship between 2,4-DCP and
2,4,5-TCP and overweight and obesity. There was no signifi-
cant relationship between 2,5-DCP and overweight, but there
was with obesity, which increased obesity risk by 1.09-fold.

For the 6–11 year age group, 2,4-DCP and 2,5-DCP showed a
significant relationship with obesity with an odd’s ratio (OR)
of 0.91 and 1.23, respectively, but 2,4-DCP had an inverse
relationship. However, there were no significant relationships
with overweight in this age group. In the 12–18 year age
group, 2,4-DCP was not significantly related to overweight
or obesity and 2,5-DCP was only significantly related to over-
weight (OR = 1.1). In both age groups, 2,4,5-TCP showed a
significant relationship only with obesity (Table 4).

Discussion

This study demonstrated significant associations for the level
of some urinary metabolites of CP pesticides with obesity and
some cardiometabolic risk factors both groups.

Buser et al. studied children and reported geometric mean
concentrations of 2,5-DCP and 2,4-DCP to be 8.8 and 1 μg/l,
respectively (Buser et al. 2014). The findings of the current
study (7 and 2 μg/l, respectively) are consistent with the re-
sults of their study. Twum et al. reported the 75th percentile of
2,5-DCP and 2,4-DCP in the urine of children and adolescents
to be 74.6 and 3.7 μg/l, respectively (Twum andWei 2011). In
the current study, these values were 11.4 and 4.6 μg/l, respec-
tively (data not shown). Wei and Zhu investigated 2,5-DCP
metabolites in diabetic and non-diabetic adults and reported

Table 1 Distribution of
demographic characteristics,
blood and weight parameters of
children and adolescents

Total Normal/underweight
Mean (SD)

Overweight Obese

2,5-DCP (μg/L) 8.6 (3.6) 8 (3.1) 8.7 (3.6) 10.2 (4.3)

2,4-DCP (μg/L) 3.1 (2.7) 2.5 (2) 3.6 (3.2) 4.9 (4.2)

2,4,5-TCP (μg/L) 1.6 (1.9) 1.3 (1.6) 1.8 (1.7) 2.3 (2.7)

2,4,6-TCP (μg/L) 1.3 (2.2) 0.6 (1.2) 1.4 (2) 3.3 (3.4)

BMI (kg/m2) 23.8 (4.4) 21 (3.2) 26.4 (3.7) 29.2 (4)

BMI z-score (SDs) 1.3 (1.3) 0.37 (1.1) 1.9 (0.35) 2.9 (0.16)

WC (cm) 82.3 (12.7) 76.2 (11) 87.7 (11.7) 93.1 (11.3)

FBS (mg/dL) 90.8 (8.3) 89.7 (8.4) 91.8 (8.1) 93.2 (7.9)

TC (mg/dL) 164 (34) 160.6 (34.7) 167 (33.2) 169.1 (42)

TG (mg/dL) 102.4 (52) 92.7 (44.2) 101.8 (47.3) 133.3 (71.4)

HDL-C (mg/dL) 51.5 (12.3) 53.1 (12.6) 50.1 (11.9) 47.6 (8.5)

LDL-C (mg/dL) 95 (24.6) 93.2 (23) 96.6 (25.9) 98.8 (32.1)

SBP (mmHg) 106 (16) 101 (15) 110 (16) 112 (19)

DBP (mmHg) 67 (8) 64 (9) 67 (8) 69 (10)

MABP (mmHg) 79 (9) 76 (10) 82 (8) 83 (10)

Age; n (%) 6–11 years 144 (59.5) 50 (34.7) 61 (42.4) 33 (22.9)

12–18 years 98 (40.5) 63 (64.3) 31 (31.6) 4 (4.1)

Gender; n (%) Male 102 (42.1) 43 (38.1) 59 (45.7) 23 (62.2)

Female 140 (57.9) 70 (61.9) 70 (54.3) 14 (37.8)

BMI bodymass index,WCwaist circumference,FBS fast blood sugar, TC total cholesterol, TG triglyceride,HDL-
C high density lipoprotein-cholesterol, LDL-C low density lipoprotein-cholesterol, SBP systolic blood pressure,
DBP diastolic blood pressure, MABP mean arterial blood pressure, PA physical activity
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geometric means of 9.8 and 6.3 μg/l, respectively (Wei and
Zhu 2016a). In another study, these two researchers reported
the geometric mean of urinary concentration of 2,5-DCP in
subjects aged 20–29 years to be 7.4 μg/l (Wei and Zhu
2016b). Wei et al. studied adults and reported that geometric
mean concentrations for 2,5-DCP and 2,4-DCP to be 2.5 and
0.09 μg/g cr, respectively (Wei et al. 2014).

In a study on children aged 6–11 years, NHANES (2003–
2004) reported that the 2,4,6-TCP urinary level at the 95th
percentile was about 1.9 μg/l and the 2,4,5-TCP urinary level
at the 95th percentile to be 0.3 μg/l (Hill et al. 1989). In
contrast, the current findings showed that at the 95th percen-
tile, the level for 2,4,6-TCP and 2,4,5-TCP were 3.5 and 15
times higher, respectively, than their levels in the NHANES

Table 3 Adjusted multivariate
linear regression of 2,4-DCP, 2,5-
DCP, and 2,4,5-TCP with TG,
TC, HDL-C, LDL-C, SBP, and
DBP parameters

2,5-DCP β
(95% CI)

p value 2,4-DCP β
(95% CI)

p value 2,4,5-TCP β
(95% CI)

p value

TG 6–11 years −0.05 0.96 0.18 0.69 0.32 0.68

(−2.2, 2.1) (−0.73, 1.1) (−1.2, 1.8)
12–18 years −1.09 0.27 0.23 0.77 0.37 0.7

(−3.08, 0.89) (−1.34, 1.8) (−1.53, 2.28)
TC 6–11 years 0.42 0.58 0.18 0.56 −1.38 0.01

(−1.07, 1.9) (−0.44, 0.8) (−2.4, −0.33)
12–18 years 0.24 0.68 0.16 0.73 −0.4 0.47

(−0.93, 1.41) (−0.76, 1.08) (−1.5, 0.72)
HDL-C 6–11 years 0.41 0.13 0.12 0.3 −0.83 <0.01

(−0.12, 0.95) (−0.11, 0.35) (−1.2, −0.45)
12–18 years −0.03 0.85 0.30 0.03 −0.53 <0.01

(−0.39, 0.32) (0.03, 0.6) (−0.88, −0.19)
LDL-C 6–11 years −0.07 0.89 −0.09 0.68 −0.61 0.11

(−1.15, 1) (−0.54, 0.35) (−1.36, 0.14)
12–18 years 0.14 0.75 −0.08 0.8 0.01 0.81

(−0.73, 1) (−0.77, 0.6) (−0.73, 0.93)
SBP 6–11 years −0.09 <0.01 0.01 0.35 0.01 0.55

(−0.15, −0.03) (−0.01, 0.03) (−0.03, 0.05)
12–18 years −0.01 0.63 0.03 0.1 −0.01 0.63

(−0.06, 0.03) (−0.01, 0.07) (−0.05, 0.03)
DBP 6–11 years −0.01 0.53 −0.005 0.62 −0.005 0.6

(−0.05, 0.025) (−0.02, 0.01) (−0.03, 0.02)
12–18 years 0.0 0.96 0.01 0.42 0.0 0.88

(−0.03, 0.03) (−0.01, 0.03) (−0.03, 0.03)

Adjusted for sex, PA, and BMI

Table 2 Adjusted multivariate
linear regression of 2,4-DCP, 2,5-
DCP, and 2,4,5-TCP with WC
and BMI z-score variables

Total β (95% CI) 6–11 years β (95% CI) 12–18 years β (95% CI)

BMI z-score WC BMI z-score WC BMI z-score WC

2,5-DCP 0.07 0.79 0.08 0.92 0.09 0.69

(0.04, 0.1) (0.54, 1.03) (0.04, 0.12) (0.55, 1.29) (0.06, 0.13) (0.35, 1.02)

p value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

2,4-DCP −0.005 −0.07 −0.02 −0.08 0.015 −0.01
(−0.02, 0.01) (−0.22, 0.07) (−0.04, 0.00) (−0.25, 0.08) (−0.01, 0.04) (−0.3, 0.27)

p value 0.67 0.3 0.02 0.33 0.33 0.92

2,4,5-TCP 0.01 0.23 0.03 0.00 0.014 0.55

(−0.01, 0.04) (0.0, 0.46) (0.00, 0.06) (−0.3, 0.3) (−0.02, 0.05) (0.2, 0.9)

p value 0.29 0.04 0.09 0.98 0.48 <0.01

Adjusted for PA, FBS, MABP, TC, HDL-C, and LDL-C
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study. Frederiksen et al. reported that the 24 h urine arithmetic
mean concentration of 2,4,5-TCP in children and adolescents
aged 6 to 21 was 0.1 μg/l and the 95th percentile and maxi-
mum level were 0.38 and 3.7 μg/l, respectively (Frederiksen
et al. 2013a). The average concentration of 2,4,5-TCP in the
current study was 16 times more than the average concentra-
tion in Frederiksen et al. Frederiksen et al. also reported the
average, 95th percentile and maximum level of 2,4,5-TCP to
be 0.04, 0.37 and 0.8 μg/g cr, respectively, in children aged 6–
11 years (Frederiksen et al. 2013b). These values for the 6–
11 year age group were much higher in the current study; for
example, the average was about 100 times higher.

Given that there are few studies on 2,4,5-TCP and 2,4,6-
TCP metabolites in children and adolescents, a series of stud-
ies on adults also was carried out. Gou et al. examined adults
and reported that the geometric mean, 95th percentile and
maximum level of 2,4,6-TCP were 1.9, 7.3, and 40.6 μg/g
cr, respectively. These parameters for 2,4,5-TCP were less
than the LOD at 0.2 and 6.6 μg/g cr. (Guo et al. 2016). If
the range and average geometric data for 2,4,6-TCP are com-
pared between Guo et al. and the present study, the geometric
means of 1.9 and 1.1, respectively, are relatively close, but
2,4,5-TCP was significantly different and its concentration
in this study was higher than for Gou et al.

From these studies, which monitored 2,5-DCP and 2,4-
DCP compounds in urine, it can be understood that urinary
concentrations of these metabolites were higher in previous
studies than in studies conducted in the past few years. This
suggests that the exposure of parent compounds of these two
metabolites was higher in the past and their use has likely
decreased. In the current study, the concentrations were simi-
lar to those obtained in the NHANES studies in recent years.
The present study and these previous is that the 2,5-DCP
concentrations were higher than those of 2,4-DCP, which
may be due to high exposure to its parent compound (1,4-
DCB) compared wi th 2 ,4 -D . These s tud i e s on
trichlorophenols also suggest that urinary concentrations of
2,4,6-TCP and 2,4,5-TCP in the current study were higher
than in other studies, which may result from high exposure

to the parents of these metabolites in Isfahan. A few similar
studies on pesticides in Iran have shown that lindan, which is a
parent compound of 2,4,6-TCP, 2,4,5-TCP, and 2,4-D has
been detected in Iranian rivers (Dehghan Abkenar et al.
2014; Keshavarzifard et al. 2012; Yagoubzadeh and Safar
2015). Lindan also has been detected in the breast milk of
mothers in Tehran (Afshar et al. 1997).

The present study investigated the relationship between
BMI z-score, which is the main indicator of overweight and
obesity in children and adolescents, and WC, which is a key
component of 2,4-DCP, 2,5-DCP, and 2,4,5-TCP metabolites.
The results showed a significant correlation between WC and
BMI z-score and 2,5-DCP, but no relationship between them
and 2,4-DCP metabolite (except for the 6–11 year age group).
Buser et al. concluded that there was a significant relationship
between WC and BMI z-score with both urinary metabolites
of 2,4-DCP and 2,5-DCP in children and adolescents (Buser
et al. 2014). In a study on non-diabetic adults, Wei and Zhu
found a significant relationship between WC and 2,5-DCP
(Wei and Zhu 2016b). Arrebola et al. found a significant qua-
dratic relationship between OC pesticides in adipose tissue,
such as HCB, p,p-DDE, and b-HCH, with BMI (Arrebola
et al. 2014). In the current study on children and adolescents,
2,4,5-TCP, which is a urinary metabolite of HCB and HCH,
was significantly related to WC, but not to BMI z-score. On
the other hand, this metabolite significantly correlated with
obesity in the 12–18 year age group. Kim also reported no
significant relationship between BMI and 2,4,5-TCP urinary
metabolite in adults (Kim et al. 2014).

One potential pathway by which ρ-DCB could affect met-
abolic risk is the ability to change lipid metabolism. The re-
sults of Wei and Zhu showed that urinary 2,5-DCP had a
negative association with serum HDL-C; however, no associ-
ation was found in the current study.Wei and Zhu observed no
significant relationships between urinary 2,5-DCP and serum
TG, SBP, and DBP (Wei and Zhu 2016a). Arrebola et al.
indicated that TC and LDL-C had significant associations
with adipose tissue HCB, but TG and HDL-C did not
(Arrebola et al. 2014). The results of the current study were

Table 4 Adjusted polynomial
logistic regression of 2,4-DCP,
2,5-DCP, and 2,4,5-TCP with
overweight and obesity

Overweight OR (95% CI) p value Obese OR (95% CI) p value

2,5-DCP Total 1.02 (0.96, 1.08) 0.5 1.09 (1.1, 1.19) 0.03

6–11 years 1 (0.9, 1.1) 0.97 1.23 (1.06, 1.42) <0.01

12–18 years 1.1 (1, 1.2) 0.04 1.29 (0.91, 1.8) 0.14

2,4-DCP Total 0.99 (0.95, 1.2) 0.5 0.96 (0.90, 1.02) 0.16

6–11 years 0.96 (0.91, 1.01) 0.08 0.91 (0.84, 0.98) 0.01

12–18 years 1.04 (0.96, 1.12) 0.33 0.98 (0.71, 1.35) 0.91

2,4,5-TCP Total 1.05 (0.99, 1.121) 0.09 1.06 (0.98, 1.15) 0.1

6–11 years 1.07 (0.97, 1.19) 0.14 1.1 (0.98, 1.24) 0.09

12–18 years 1.06 (0.96, 1.17) 0.24 1.4 (1, 1.8) 0.04

Adjusted for PA, FBS, MABP, TC, HDL-C, and LDL-C. Reference value is normal/underweight
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different from this; 2,4,5-TCP (a urinary metabolite of HCB)
showed a negative significant association with TC and HDL-
C.

Twum and Wei (NHANES 2003–2006) found no signifi-
cant relationship between 2,4-DCP and obesity in children
aged 6 to 19 years, but there was a significant interquadratic
relationship between 2,5-DCP level and obesity (Twum and
Wei 2011). The current findings on the relationship between
urine concentrations of these metabolites with obesity are con-
sistent with these findings and were somewhat consistent with
the results of Buser et al. (NHANES 2007–2010). Their study
showed that concentrations of 2,4-DCP and 2,5-DCP were
significantly related to obesity, but this relationship did not
exist in the case of overweight (Buser et al. 2014). The differ-
ence between the results of the current study and that of Buser
et al. is that 2,4-DCP was not found to be significantly related
to obesity. Wei et al. (NHANES 2005–2008) studied adults
and showed that concentrations of 2,4-DCP did not correlate
with obesity, but 2,5-DCP was significantly correlated with
obesity, which is consistent with current findings (Wei et al.
2014).

The development of obesity involves an interaction be-
tween genetic and environmental factors, including physical
and social environment. Many chemicals, such as
dichlorophenols, are endocrine disruptive factors. Because
they have the same structure as estradiol, they can affect the
body weight control system. Some chlorinated pesticides such
as 2,4-D and 1,4-DCB, which are the parent compounds of
2,4-DCP and 2,5-DCP, respectively, have been reported to
effect thyroid gland function and eventually metabolic pro-
cesses. Some environmental chemicals act through the perox-
isome proliferator-activated gamma receptors that are the
main regulator of adipogenesis (Charles et al. 1996; Croes
et al. 2015; Wei and Zhu 2016b). There is also a possible
connection between lower birth weight and risk of obesity
during childhood and adolescence. Some studies have shown
that there is a significant relationship between prenatal urinary
concentrations of 2,4-DCP and 2,5-DCP and low birth weight
(Wolff et al. 2008; Philippat et al. 2012). Considering the
foregoing, as well as the results of recent studies, it can be
stated that these metabolites, particularly 2,5-DCP may be
involved in overweight and obesity in children and adoles-
cents along with behavioral and genetic factors.

There were several limitations to this study. The main lim-
itation was its cross-sectional design because all data were
obtained at a specific point in time; hence, causation cannot
be assumed. Moreover, it was not possible to examine the
pubertal status of participants. Only three CPs were studied,
although compounds such as dioxins, polychlorinated biphe-
nyls, and other chlorophenols may also cause overweight and
obesity. Another limitation was the use of spot urine values,
which might not reflect long-term exposure. It must be taken
into account that these substances can be stored in fat tissues;

thus, overweight and obese people may have higher accumu-
lations of these compounds.

Conclusion

In this study, 94.6, 95, 85.1, and 38% of the participants had
urinary concentrations above the LOD, respectively, for 2,4-
DCP, 2,5-DCP, 2,4,5-TCP, and 2,4,6-TCP. It can be stated that
the urinary concentrations of trichlorophenols in subjects in
Isfahan was higher than those in other countries; thus, it ap-
pears that there is high exposure to the parents of these me-
tabolites. Further research is needed to biomonitor and deter-
mine exposure routes in Iran. Also, given that these com-
pounds may impose different effects, they should be moni-
tored in terms of their biological components and their rela-
tionships with resulting problems. The current findings show a
potential association between 2,4-DCP, 2,5-DCP, and 2,4,5-
TCP with weight indices and a few metabolic syndrome com-
ponents. Because of the cross-sectional nature of the study, the
relationships found cannot be considered to be causal; thus,
there is need for cohort and case-control studies with bigger
sample sizes.
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